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1.  Introduction 
There have been very few studies on the real estate markets of Macau, probably because 
of the lack of data. With the establishment of the Direcção dos Serviços de Estatística e Censos 
(The Statistics and Census Service, DSEC) by the Macao SAR Government since 1999, 
systematic data series are now available from its website (http://www.dsec.gov.mo). This 
paper is probably the first academic study on the housing markets of Macau. However, with the 
great changes of socio-economic environment of Macau since the hand-over of sovereign in 
1998, a direct and controlled study on the price changes of housing in Macau is not yet 
technically feasible. This paper therefore aims to study the housing price gradient changes 
between Macau and Hong Kong, which reduces the explanatory variables to a manageable 
scale. Better still, it can study the effect of Hong Kong, which is a neighboring city, on the 
housing price in Macau. Data of macroeconomic series and real estate of Hong Kong are 
readily available at the Census and Statistics Department (CSD), Hong Kong SAR 
Government at http://www.censtatd.gov.hk/  and the Rating and Valuation Department 
(RVD), Hong Kong SAR Government at http://www.rvd.gov.hk. 
2. Background of Macau and Hong Kong 
Macau and Hong Kong share a lot of commonalities. They are special administration 
regions of China, with the sovereignties handed over to China from Portgual and Britain in 
1998 and 1997 respectively. Both are located on the southeastern coast of China (as shown in 
Figure 1) with very high density of population. The total land areas of Macau and Hong Kong 
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are 21 km2 and 1,108 km2, respectively; but there are 513,000 and 7,041,000 people in the end 
of 2006, which make them the 2nd and the 3rd highest density cities throughout the world. Both 
governments adopt free market policy, which makes virtually no attempt to influence prices on 
both resources and product markets. There are no tariffs or quotas on imported goods and the 
tax rates are among the lowest ones worldwide. The GDP per capita per annum of Macau and 
Hong Kong are reasonably high at US$ 27,727 and US$26,808 respectively 1 . 
 
Figure 1 The Geographical Relationship between Macau and Hong Kong 
(Source: www.lib.utexas.edu/maps/ middle_east_and_asia/) 
                                                 
1 The nominal GDP per capita and the GDP in PPP per capita of Hong Kong were ranked respectively the 27th and 
the 6th among all the countries (or cities) sampled by the International Monetary Fund in 2006 (Wikipedia, 2007)  
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However, the economies of Macau and Hong Kong are very different, Macau is the only 
one city of China where casino gambling is legal, whereas Hong Kong plays its role as an 
international financial centre. People-flow between the two cities is tremendous. The inflow of 
visitors from Hong Kong to Macau reached 650,000 per month in the end of 2006, which 
exceeds the total number of residents in Macau. This figure amounts to 32% of the total inflow 
of people into Macau. In addition, there were 14,118 Hong Kong workers per month working 
in Macau in the end of 2006. This figure also amounts to 20% of the total non-resident workers 
in Macau. Currently, travelers rely heavily on ferry to travel between Macau and Hong Kong. 
With the heavy traffic demand, a bridge is planned to be built to connect Hong Kong, Macau 
and Zhuhai in 2020. 
 The macroeconomic parameters of the two cities from 2000Q1 to 2007Q1 are plotted in 
the following figures. Figure 2 shows the GDP per quarter of the two cities. Both cities show 
very strong growth in the past few years, especially after the SARS in 2003. Figure 2 shows the 
rapidly declining rates of unemployment, which is a consequence of the economic boom. 
Similarly, Figure 4 shows their composite consumer price indices, which reflect a strong 
rebound since 2003. Figure 5 shows their housing price indices (averages of all classes) by 
normalizing their values at 2007Q1=247. It shows that Macau has undergone a very strong 
increase in housing price, whereas Hong Kong got a rebound after 2003. Figure 6 shows a 
modest growth of their populations. Lastly, Figure 7 shows the people flows between the two 
cities, the solid line represents the number of visitors from Hong Kong to Macau per quarter, 
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whereas the dotted line is the number of workers from Hong Kong to Macau per quarter. The 
strong growth of people flow is unprecedented.    
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Figure 2 GDP per quarter of Macau and Hong Kong, 2000-2007 
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Figure 3 Unemployment Rates of Macau and Hong Kong, 2000-2007 
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Figure 4 Composite Consumer Price Indices of Macau and Hong Kong, 2000-2007 
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Figure 5 Housing Price Indices of Macau and Hong Kong, 2000-2007 
 7
 
400
420
440
460
480
500
520
540
6640
6680
6720
6760
6800
6840
6880
6920
2000 2001 2002 2003 2004 2005 2006 2007
Macau Population ('000) Hong Kong Population ('000)
 
Figure 6 Populations of Macau and Hong Kong, 2000-2007 
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Figure 7 Visitors and Workers from Hong Kong to Macau, 2000-2007 
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3. Changes of the Price Gradient between Macau and Hong Kong 
Figure 8 shows a very strong correlation (0.9331) between the housing prices of the two 
cities, which indicates a strong link between their socio-economic relationships between them 
in the light of their close proximity. Thus, independent macroeconomic analysis of housing 
price in any one city would result in the omission of external factors exerted from the 
neighborhood city. This paper therefore put forward a housing price gradient approach to 
analyze the cross-boundary housing price changes. 
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Figure 8 Scatter Plot of the relationship between housing price indices (HPI) between Macau 
(MA) and Hong Kong (HK), 2000-2007 
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Price gradient between Macau and Hong Kong at time t, tG  is defined as the ratio of the 
price levels of housing of the two cities as shown in the following equation: 
t
t
tG η
φ=  (1) 
where φt, ηt are the price levels of housing in Macau and Hong Kong at time t, respectively. For 
the ease of comparison, their price gradient at 2007Q1 is normalized to 1. Hence, 
if 1>tG ( 1<tG ), then the unit housing price in Macau is higher (lower) than that of Hong Kong, 
which, in turn, indicates that the housing price curve is negatively (positively) sloping from 
Macau to Hong Kong. Figure 9 shows the gradient series from 2002 to 2007, which shows a 
general increasing trend (i.e. 1<tG ), reflecting the recent strong growth of housing price in 
Macau.  
0.6
0.7
0.8
0.9
1.0
2000 2001 2002 2003 2004 2005 2006 2007
G(t)
 
Figure 9 Housing Price Gradient between Macau and Hong Kong, 2000-2007 
 10
Housing price study involves a large number of explanatory variables, including not only 
socio-economic, demographic and transportation factors, but also tax structure, poverty rate, 
crime rate, school quality, neighborhood quality, telecommunication network quality and even 
culture and ethnicity. Unfortunately, these variables are difficult to quantify and their data in 
time series are often not readily available. Yet the omission of these variables would result in 
serious specification bias. For example, Clapp, et al. (2001) incorporated a large number of 
socioeconomic, demographic, zoning and transportation variables into their estimation model, 
which renders the estimation highly difficult. 
Fortunately, the differences in many of the explanatory variables between two cities, such 
as tax structure, school quality, and cultural difference, are rather fixed over time or evolving 
together at the same pace. This paper, therefore, circumvents this estimation problem by 
analyzing the temporal change of the price gradient instead, which can be regarded as a 
temporal-difference of the spatial-difference (temporal price gradient changes) of housing 
price. This method of temporal differencing has been raised by Bailey, et al. (1963), in their 
development of the repeat-sales method in price index construction. The method has 
successfully reduced the large number of variables in hedonic pricing models to just a few 
dummy variables of time. This method has received great attention and has been adopted 
intensively in real estate research. Numerous refinements of the model have also been 
developed. The underlying principle of the method is the assumption that most of the 
explanatory variables do not change over time. An extension of the principle to a 
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two-dimensional differencing will be equally advantageous in urban spatial structure research. 
The spatial-temporal differencing method (i.e., the temporal change of price gradient analysis) 
has been successfully developed by Yiu and Tam (2007) in their intra-city studies. By means of 
this two-dimensional differencing, most of the explanatory variables can be eliminated in the 
estimation process.  
Mathematically, if housing price tLP , at location L and at time t can be explained by a 
function of housing characteristics tLH , , socio-economic factor tLS , , demographic factor tLD , , 
transportation factor tLT , , quality of life tLQ , , and cultural factor tLC , , etc., then it can be 
represented as equation (2), by assuming the Cobb-Douglas function: 
( )
...lnlnlnlnlnlnln
...,...,,,,,
,,,,,,,
,,,,,,,,,,,,,
++++++=
==
tLtLtLtLtLtLtL
tLtLtLtLtLtLtLtLtLtLtLtLtL
CQTDSHP
CQTDSHCQTDSHfP
ϕθλγβα
ϕθλγβα
      (2)    
After accounting for the implicit value of housing characteristics by the construction of a 
housing price index, the general log price levels tLtLtL HPP ,,, lnlnln α−=  are obtained. Then, 
the spatial-difference of the housing price levels between locations A and B, i.e., the price 
gradient, becomes: 
( ) ( ) ( )
( ) ( ) ...lnlnlnln
lnlnlnlnlnlnlnlnln
,,,,
,,,,,,,,
+−+−+
−+−+−+=−=
tBtAtBtA
tBtAtBtAtBtAtBtAt
CCQQ
TTDDSSPPG
ϕθ
λγβα
 (3)    
where⎯α is a constant term. Those variables which are the same in the two locations will cancel 
each other out in this spatial-difference process. A temporal-difference of the spatial-difference 
will further eliminate a large number of explanatory variables because many changes are 
regional and contagious. Although quality of life and cultural factors, for example, are not the 
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same in the two cities, the temporal-difference of the spatial-difference is likely to be 
unchanged for a long period of time.  
Mathematically, when the variables such as quality of life and culture are eliminated, the 
temporal-difference of the spatial-difference of housing prices between locations A and B from 
time t to τ  is: 
( ) ( )
( ) ( )[ ]
( ) ( )[ ]
( ) ( )[ ].lnlnlnln
lnlnlnln
lnlnlnln
lnlnlnlnlnln
,,,,
,,,,
,,,,
,,,,
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−−−
+−−−
+−−−+−=
−−−=−
ττ
ττ
τττ
τττ
λ
γ
βαα   . (4)    
Using quarterly data, and taking the temporal differences between one quarter, i.e. τ = t+1, 
equation (4) can be simplified to: 
( ) ( ) ( )[ ] ( )[ ] ( )[ ].,,,,,,,, tBtAtBtAtBtAttBtAt ttddssppg −Δ+−Δ+−Δ+=−Δ=Δ ∗ λγβα . (5)    
where variables in small letter represent the logarithm of the corresponding variables of the 
same capital letter. The explanatory variables can, therefore, be confined to socio-economic, 
demographic and transportation changes. In our study, we consider the number of non-resident 
workers from Hong Kong to Macau as a proxy of TL,t. Figure 7 above plots the quarterly 
cross-boundary headcount of non-resident workers over the sample period. The figure shows 
very clearly that the commuting frequency from Hong Kong to Macau increases exponentially.    
4. Literature Review 
Since von Thünen’s (1826) isolated state model, Alonso (1964) and Muth (1969) 
further developed their theories of urban spatial structure in the assumption of a monocentric 
and isolated city. However, the impractical assumption of a monocentric center has been 
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challenged by Papageorgiou and Casetti (1971) and Romanos (1977). Polycentric urban spatial 
structure theory is developing in recent decades. For example, Sivitanidou (1997), and 
McMillen and McDonald (1998) have documented the decentralization of U.S. economic 
activity, while Anas, et al. (1998) explained polycentric urban spatial structure by spatial 
heterogeneities, scale economies, and imperfect competition. Clapp, et al. (2001) found a 
flattening of the land value gradient due to the decentralization process. They explained the 
decentralization trend by seven reasons, including the fact that with the rapid development in 
the technology of communication and transportation, the cohesiveness of any single business 
center is diminishing; businesses can settle at places other than the center, and then 
employment and business activities become decentralized. A more comprehensive literature 
review on polycentric models can be found in Yiu and Tam (2004). 
Yet, the previous polycentric centre studies are still based on a single workplace 
assumption, i.e., each household travels to one workplace only. But, there are at least three 
causes of multiple workplaces per household, namely: (1) multiple earners households, (2) job 
location changes in the future, and, (3) multiple workplaces per earner. Madden (1980), Curran, 
et al. (1982), Timmermans, et al. (1991), Hotchkiss and White (1993), Kim (1995), Freedman 
and Kern (1997), van Ommeren, et al. (1998) and White (1999) investigated the first cause: 
residential location choice in two-earner households. Crane (1995) studied the second: effects 
of uncertain job location on urban form. Yet, the study of the third cause remains relatively 
unexplored, due primarily to the fact that the trend has been developing only since the late 
 14
1990s. It is very common nowadays for employers and employees to work at two or more 
locations and travel frequently. For example, traveling between headquarters and a branch 
office in a neighboring city is a routine for personnel of an international company. Hong 
Kong-Macau, Hong Kong-Shen Zhen and Johor Bahru-Singapore are some typical examples. 
We contend that this “mobilization” trend affects the equilibrium of housing demand and the 
housing price gradient between workplaces. In other words, this paper attempts to study the 
labor mobilization effect from a neighboring city on the housing price gradient. 
A theoretical model on this two-workplace residential choice model has been 
developed in Yiu and Tam (2007). Intuitively, it is more convenient for these mobile workers, 
who need to attend different workplaces regularly, to live closer to the workplace with the 
highest visiting frequency. In this sense, the classical monocentric models give a good 
description of the housing price gradient from that busiest location: sloping downward from the 
center. However, the monocentric models cannot predict a household’s choice of residential 
location when the visiting frequencies of workplaces vary. The analytical model extends 
Alonso’s (1964) and Muth’s (1969) urban spatial models for two workplaces per household 
with exogenous commuting frequency. 
The purposes of this paper are (1) to apply the two-workplace model on the housing 
price gradient changes between Macau and Hong Kong to test it empirically and (2) to study 
the effect of a neighboring city on the housing price gradient.   
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5. Data and Empirical Results 
This study applies Yiu and Tam’s (2007) two-workplace theoretical model on 
Macau-Hong Kong housing price gradient. The intuitive interpretation of the model is that the 
increase in commuting frequency results in a flatter price gradient between the cities.  
From 2002Q1 to 2007Q1, private housing price indices in the two cities are collected 
from their corresponding government census and statistics departments. The dwelling 
attributes in those housing samples shall have been taken into account by their index 
construction method. Explanatory variables on demographics and socio-economic factors, 
such as population size (POP), gross domestic products (GDP), inflation measured by 
consumer price index (CPI), unemployment rate (UNE) of the two cities are collected. All 
variables are taken logarithms except the unemployment rate because it is already a percentage 
figure. Prefixes MA_ and HK_ stands for Macau’s and Hong Kong’s figures respectively. 
Lastly, the number of non-resident workers traveled from Hong Kong to Macau (MA_WOR) is 
included as one of the explanatory variables. Table 1 shows the summary statistics of the 
variables. 
Table 1 Summary Statistics of the Variables 
  Mean 
 Std. 
Dev. 
 
Minimum
 
Maximum 
Δln(MA_HPI/HK_HPI) 0.0074 0.0571 -0.0572 0.1306 
Δln(MA_POP/HK_POP) 0.0087 0.0038 0.0009 0.0136 
Δln(MA_GDP/HK_GDP) 0.0476 0.0788 -0.0793 0.1869 
Δln(MA_CPI/HK_CPI) 0.0062 0.0058 -0.0064 0.0182 
Δ(MA_UNE/HK_UNE) 0.0002 0.0572 -0.1030 0.0743 
Δln(MA_WOR,2) 0.0106 0.1601 -0.3784 0.3059 
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Unit root tests on the time series reveal that they are strongly stationary series at the first 
differences, except that the number of non-resident workers series is stationary at the second 
difference. Table 2 shows the unit root test results.  
Table 2 Unit Root Test Results of the Variables 
Level term First difference Unit Root Test with trend and 
intercept t-stat. Prob. t-stat. Prob. 
ln(MA_HPI/HK_HPI) -2.8002 0.2129 -4.4727 0.0112 
ln(MA_POP/HK_POP) 0.0114 0.9941 -3.5870 0.0516 
ln(MA_GDP/HK_GDP) -3.1185 0.1223 -6.9274 0.0000 
ln(MA_CPI/HK_CPI) -1.8438 0.6516 -6.1875 0.0002 
(MA_UNE/HK_UNE) -1.4650 0.8146 -3.6628 0.0484 
Δln(MA_WOR) 0.4660 0.9965 -3.9894 0.0465 
 
The residuals of the estimation of equation (5) also reveal strong autocorrelation at the 
second lag in correlogram-Q statistics. Therefore, second-order autoregression for the residuals 
is estimated. The estimated results of the Two-Workplace Model (eq. 5) with autoregressive 
AR(2) processes are summarized in Table 3: 
All of the estimated coefficients of equation (5) are significant at the 5% level, except 
inflation (CPI) and unemployment (UNE). The estimated coefficient of the log difference of 
non-resident workers headcount is statistically significant and positive, which indicates that the 
log difference of price ratio is increasing with the increase of the log difference of commuting 
frequency ratio between the two cities. More specifically, the price gradient from Macau to 
Hong Kong became flatter when the log difference of commuting frequency ratio between the 
two cities increased during the sample period. This supports the analytical result of the 
two-workplace model. The results of other variables are also reasonable and as expected. For 
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example, population growth gradient and inflation growth gradient between the cities impose a 
positive effect on their housing price gradient, although the latter one is not statistically 
significant. It reflects the local demand effects. Similarly, unemployment growth gradient is 
found to impose a negative impact on their housing price gradient, although it is not 
statistically significant. It shows the local affordability impacts. Interestingly, GDP growth 
gradient is found to exert a negative and significant effect on housing price gradient between 
the cities. It explains, among others, the strong link between the two housing price indices, and 
reflects the great investment fund flows between the cities. 
Table 3 Empirical Results of the Two-Workplace Model 
Dependent Variable: Δln(MA_HPI/HK_HPI)  
Method: Least Squares   
Included observations: 12 after adjustments  
Convergence achieved after 10 iterations  
White Heteroskedasticity-Consistent Standard Errors & Covariance 
Variable Coefficient Std. Error t-Statistic Prob.  
C -0.0169 0.011845 -1.4229 0.2140
Δln(MA_POP/HK_POP) 3.2347 1.169259 2.7665 0.0395
Δln(MA_GDP/HK_GDP) -0.2267 0.072552 -3.1251 0.0261
Δln(MA_CPI/HK_CPI) 0.3431 0.940090 0.3650 0.7300
Δ(MA_UNE/HK_UNE) -0.1479 0.104444 -1.4159 0.2160
Δln(MA_WOR,2) 0.0813 0.027783 2.9263 0.0328
AR(2) -1.1610 0.153487 -7.5642 0.0006
R-squared 0.9459     Mean dependent var 0.0109
Adjusted R-squared 0.8810     S.D. dependent var 0.0608
S.E. of regression 0.0210     Akaike info criterion -4.5989
Sum squared resid 0.0022     Schwarz criterion -4.3160
Log likelihood 34.593     F-statistic 14.576
Durbin-Watson stat 2.3230     Prob(F-statistic) 0.0050
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6. Conclusions 
This study provides an empirical evidence of the Two-Workplace Model on choice of 
residential location by studying the housing price gradient changes over time between Macau 
and Hong Kong. It shows that, in two linear bicentric cities, the housing price gradient between 
two workplaces will become flattened when the visiting frequency to the workplace increases 
relatively.  
In this study, other socio-economic variables, including GDP, unemployment rate, 
inflation rate and population size are incorporated in the estimation, which is an improvement 
from Yiu and Tam (2007). However, the study is still limited by the short time series of data in 
Macau, further studies on longer data series shall be performed.  
This paper is probably the first attempt to explore the housing markets of Macau 
empirically, and is also the first study of the effect of a neighboring city on the housing price 
gradient between Macau and Hong Kong. It does not only consider a two-centre urban spatial 
structure, but it also investigates the labor mobilization impact on the housing price difference 
between the two cities. It is a novel but of paramount importance concept in studying 
neighboring effect on real estate in the trend of globalization. 
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